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SUMMARY 

An investigation has been made in the Langley two-dimensional 
low-turbulence tunnel to develop the optimum, configuration of a 
0.35-chord slotted flap on an NACA 65(u2)~111 airfoil section 

modified "by removing the trailing-edge cusp. The results of the 
investigation indicate that-for the optimum configuration at a 
Eeynolds number of 2.4 x 10°,, the flap deflection was 45° and the flap 
leading-edge radius center was 0»73 percent-chord behind and 
4»46 percent-chord below the slot lip. The TngyTwiinn section lift 
coefficient for the optimum configuration at a Eeynolds number of 
2,4 x 10° was 2.46 or 0.12 higher than that obtained for an 
MACA 65-210 airfoil section with a 0*250-chord slotted flap. 

INTEODUCTION 

The modern high performance airplane with its increased wing 
loading requires the use of thin wing sections equipped with high- 
lift flaps«? Experimental investigations, such as those reported in 
reference 1, have been made to develop 0.250-ohord slotted flaps 
suitable for use on thin airfoil sections* Such investigations, 
however, have been made for only a small range of Eeynolds numbers, 
(2»4 x 106 to 9cO x 10"), and a very  limited amount of data for 
Eeynolds numbers greater than 9*0 x 10° are available for thin 
airfoils equipped with slotted flaps. From data presented in ref- 
erence 1, it is seen that large changes in the lift characteristics 
of a thin airfoil with a slotted flap may oocur as the Eeynolds number 
is increased. Some question also exists as to whether or not a flap 
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configuration that is the optimum for high lift at low Reynolds 
numbers is still the optimum configuration at much higher Reynolds 
numbers. 

An investigation is therefore being conducted in the Langley 
two-dimensional low—turbulence tunnels in order to develop the 
optimum configuration of a Oo35~chcrd slotted flap on a modified 
NACA 65fH2)—lli airfoil section and to determine whether or not 

the developed optimum flap configuration is dependent upon the 
Reynolds number. Measurements to determine the section pitching- 
moment characteristics, the effects of leading-edge roughness on the 
lift characteristics, and the lift characteristics for the flap 
deflected through a developed flap path are also included in this 
investigation 

This paper presents the results of the first phase of the 
investigation, which covered the development of the optimum flap 
configuration at a Reynolds number of 2.Jk x 10° in the Langley two- 
dimensional low—turbulence tunnel. 

SYMBOLS 

OQ    section angle of attack, degrees 

c    airfoil chord 

Cj   section lift coefficient 

07   maximum section lift coefficient 
*max' 

R    Reynolds number 

X, y  horizontal and vertical positions, respectively, of the flap 
leading-edge radius center with respect to upper lip of 
slot in percent c, positive forward of and below slot lip, 
respectively (fig. 1) 

Sf    flap deflection, degrees, angle between airfoil chord line 
in flap retracted position and airfoil ohord line in flap 
deflected position (fig. l) 
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MODEL AND TESTS 

The 2—foot chord modal tested In this investigation was a 
modified HA.CA 6g/-JJ^)"111 airfoil section with a 0.35c slotted flap. 

The airfoil section had "been modified by removing the trailing-edge 
cusp and was therefore similar to an NACA 65(ii£)Alll airfoil section. 

Ordinates for the plain airfoil section and the slotted flap are 
given In tables 1 and 2, respectively.. Figure lis a sketch of the 
airfoil and flap and also shows the reference points defining the 
flap position» The model was constructed of aluminum alloy and 
completely spanned the 3-foot wide- tunnel test section* The flap 
was attached to the main portion of the model "by fittings at the ends 
which permitted independent variation of the flap position and 
deflection«. 

Measurements to obtain the TrmxiTfi• Bection lift coefficients 
for an extensive range of flap positions for flap deflections of 
35°a 40°, and 45° were made in the Langley two-dimensional low— 
turbulence tunnel at a Reynolds number of 2.4 x 10^. The range of 
flap positions Investigated •was sufficiently extensive to define the 
optimum configuration (the configuration for highest maximum lift) 
for each of the flap deflections tested«. The test methods and the 
methods used In correcting the test data to free-air conditions are 
discussed In reference 2„ The magnitude of ^e  corrections used in 
correcting the test data to free-air conditions was of the order of 
a few percent. The maximum free-stream Mach number attained during 
any of the tests was approximately 0ol6. 

RESULTS AMD DISCUSSION 

Contours of values of maximum section lift coefficient for 
various positions of the flap leading-edge radius center with respeot 
to the slot lip are presented in figure 2 for flap deflections of 
35°» hO°,  and 45°. These data Indicate that at the optimum config- 
uration, the flap deflection Is 45° with the flap leading-edge radius 
center located 0.73 percent c behind and 4.46 percent c below the 
slot lip* The section lift characteristics of the optimum configura* 
tion for each of the flap deflections tested are presented in 
figure 3, From the data presented in figure 3, It is seen that at 
flap deflections of kQ°  and 45° and at angles of attack slightly below 
the stall, the slopes of the lift curves are considerably larger than 
the slopes at low angles of attack. Tuft studies of the air flow 
over the flap for these deflections indicated that the flap was stalled 
over most of the angle—of—attack range but unstalled a few degrees 
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"before the maximum lift coefficient was reached«, A comparison of 
the lift oharacteristics for two flap positions at a flap deflection 
of kCt°  indicates that a more linear lift curve can be obtained 
for this flap deflection although tho maximum section lift coefficient 
Is somewhat less than that obtained for the optimum configuration 
(figs, 2 and 3). The highest maximum section lift coefficient was 
2.1+6 or 0ol2 higher than that reported for a 0»250c slotted flap 
(slotted flap 1) on an NACA 65-210 airfoil aecti.-m (referdnce l). 

CONCLUSIONS 

The results of tests of a modified HACA 65(,rj2'~111 alrfoil 

section with a 0.35-chord slotted flap indicate the following 
conclusions. 

1. gor the optimum configuration at a Reynolds number of 
2o4 X 10° the flap deflection was k^>°  and the flap leading-edge 
radius center was 0»73 percent-chord behind and kik6 percent-chord 
below the slot lip. 

2. The maximum section lift coefficient obtained for the 
optimum configuration at a Reynolds number of 2,k X 10° was 
2„h6 or 0.12 higher than that obtained for an NACA 65-210 airfoil 
section with a 0.250-chord slotted flap. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va» 

Stanle^F. Raclsz 
Aeronautical Engineer 

Approved: .^*= ,• , 

Clinton H« Dearborn 
Chief of Full-Scale Research Division 

HUB 



NACA EM Ho. L7A02 

REFERENCES 

1. Cahill, Jones F„: Sfo-Dimensional Wind-G?umel Investigation 
of Four Herpes of High-Lift Flap on an MCA 65-210 Airfoil 
Section,, NACA 03$ No.     f  1947,, 

2» Aboott, Ira H., von Doenhoff, Albert E,, and Stivers, 
Louis S, Jr.: Sunaary of Airfoil Data. NACA AGB Ho* L5C05, 19^5. 



NACA EM No.  L7A02 6 
•«   • * « 

TABLE 1 

0RDIKA.TES FOR THE MODIFIED 

NACA 65(112j-lll AIRFOIL SECTIOH 

[stations and ordlnates given 
In percent airfoil ohor^ 

IJfrper surface 
Station  | uminäTse- 

i; 
8: 
65.021 
70.025 
75.025 
§0.025 
85.025 
90.021 

loolooll 

Lower surface 
station I urainate 

79.975 
§t.975 
89.979 

Mi 

-it.963 
-U.901 
-U.725 

L.E.  radlvta:     0.81)2 
NATIONAL ADVISORY 

COMMITTEE FM AEWMUTICS 

TABLE 2 

ORDXHaTES FOR 0.35-OEOED FLAP 

[la wer surf ace of flap formed by lover 
surface of plain airfoil. 

Stations and ordlnates  glron In 
percent airfoil chord! 

Station Ordinate 

65.50 
-O.863 66.00 

67.00 
63.00 

".308 

70.00 
72.00 

l.£ii2 
1.8U6 

74.00 
76.00 

2.10k 
2.267 

78.00 2.31(6 
30.00 2.35U 
82.00 2.300 
3k.00 
86.00 

2.183 
2.000 

Upper surface fairs  Into 
plain airfoil section 
at station 83.00 

L.E.  radius 1    l.kok 
L.E.  radius center at 

station 66.50 and 
ordlnate  -1-971 

NATIONAL ADVISORY 
COMMITTEE FM AHKHUUTICS 
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(a)    Airfoil with O.550 slotted flap. 

Center of flap leading-edge radius 
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(b)    Variables used to define flap configuration. 

Figure 1.-    Profile of the modified SACA (>5 (12.Z)"111 airfoil section with 0.55c Blotted flap. 
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Flgpra 2,-   Oontoura of values of anximm gaatlon-llft ooafflclent fop positions of tb» flap Isadlng-odge rullua «lth 
raspeot to slot lip.      0,35° slotted flap; modified KACA fi5(ixz)-111 *i*ft>J.lJ    B " 2.1) X 10° (ftpproi.). 
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Figure a.- Continued. 
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Figure 3«-  Section lift characteristics of the 

modified KACA 65(ii2)-lll airfoil section 
with a 0.35c slotted flap. R - z.h   x 10^ 
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